Claims 

An ultrasonic transducer comprising: 
a support element; 

a first transducer array coupled to move with the support 
element and Wiprising a plurality of first transducer elements arranged 
along an azimuHhal axis, saiptfQ transducer array comprising first and 
second ends spaced along yK^zimuthal axis and a first central image plane; 

a secVid trar/sducW array coupled to move with the support 
element and comprising a plurality of second transducer elements, said 
transducer array positioned near the first end of the first transducer array and 
comprising a second central image plane; and 

a third transducer array coupled to move with the support 
element and comprising a plurality of third transducer elements, said third 
transducer array positioned Aear the second end of the first transducer array 
and comprising a third central \nage plane; 

said first and secoild central image planes being non-parallel, 
and said first and third central ima\e planes being non-parallel. 

The invention of Claim 1 wherein the first and second central 
image pWs are substantially orthogonal, and wherein the first and third 
central image planes are substantially orthogonal. 



The invention of Claim 1 wherein the second and third 
transducer arraVs are substantially shorter in length along the respective 
axes than is the tyst transducer array. 

4. The inVentioCo^e'laim 1 wherein the second and third 
transducer arrays eadh include substantially fewer of the respective 
transducer elements thian does the first transducer array. 



5. The invention of Claim 1 wherein the first, second and third 
transducer elements are eabh spaced with a respective pitch, and wherein 
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thk pitch of the second transducer elements is a first integer multiple of the 
pitcfv of the first transducer elements. 

6. The invention of Claim 5 wherein the pitch of the third 
transducer elements is a second integer multiple of the pitch of the first ' 
transducer lelements. 

7. T^he invention of Claim 6 wherein the first integer multiple is 
equal to the sedtond integer multiple. 

8. The invention of Claim 1 further comprising 

a transmit beamformer and a receive beamformer coupled to 
the first, second and third transducer arrays. 

9. The invention of Claim 8 wherein the transmit beamformer forms 
multiple simultaneous transmit beams. 

1 0. The inventionW C^m^wherein the receive beamformer forms 
multiple simultaneous receive beams. 

11. The invention of Claim 8 wherein the transmit beamformer 
operates the first and second transducer arrays at different ultrasonic 
frequencies. \ 

1 2. The invention of ClaiVi 8 wherein the transmit beamformer 
operates the first, second, and thirdVransducer arrays at a common ultrasonic 
frequency. \ 



1 3. The invention of Claim 8 Wherein the transmit beamformer 
operates the second and third transducer arrays with fewer scan lines than 
the first transducer array. \ 




62 

[4. The invention of Claim 8 wherein the transmit and receive 
beamfonWs acquire concurrent images from the first, second and third 
transducenarrays for display. 

1 5. the invention of Claim 8 wherein the transmit beamformer 
operates the sdcond and third transducer arrays to acquire a plurality of 
frames from at leW one of the second and third transducer arrays between 
adjacent frames frtom the first transducer array. 

16. The invention of Claim 8 wherein the transmit beamformer 
operates the first transducer array to acquire a plurality of frames from the 
first transducer array between adjacent frames from the second transducer 
array. 




17. The inventionW Claim 14 further comprising a display system 
coupled to the beamformers\o display the concurrent images from the first, 
second, and third transducer arrays. 

18. The invention of OJaim 1 further comprising an absolute sensor 
for at least one of displacement alod orientation, said absolute sensor coupled 
to move with the support element. 

1 9. The invention of Claim \8 wherein the absolute sensor 
comprises a magnetic sensor. 

20. The invention of Claim 1 whWein at least a portion of the 
second transducer elements are connected in parallel with at least a portion 
of the first transducer elements, and whereifothe portion of the second 
transducer elements are in a jumbled order w\th respect to the portion of the 
first transducer elements. 



21. The invention of Claim 1 wherein a\least two of the first, second 
and third transducer arrays form crossed arrays. 
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22. The invention of Claim 1 wherein the second and third 
transducer arrays are positioned alongside of and laterally spaced from the 
first transducer array. 

23. The invention of Claim 1 further comprising third and fourth 
transducer arraVs coupled to move with the support element and positioned 
near respective eVids of the first transducer array, said third and fourth 
transducer arrays comprising respective fourth and fifth image planes 
oriented non-parallel to the first image plane. 

24. A method for registering ultrasonic image information 
acquired from a target, feaid method comprising the following steps: 

(a) acquiring a plurality of sets of image information 
with at least one ultrasonifc transducer array, said at least one array 
moved between at least soVie of the sets of image information, said 
plurality of sets comprising ^plurality of image data sets and a plurality 
of tracking sets; 

(b) automatically determining a component of motion 
based on a comparison of at least a portion of the tracking sets 
acquired in step (a); and \ 

(c) automatically\using the component of motion 
determined in step (b) to register stelected ones of the image data sets 
acquired in step (a). 

25. The invention of Claim 24 wherein the at least one ultrasonic 
transducer array comprises an imaging array and at least one tracking array, 
wherein the imaging array defines an irfoage plane, wherein the tracking array 
defines a tracking plane, and wherein thte image plane is oriented at a non- 
zero angle with respect to the tracking pPane. 

26. The invention of Claim 24 wherein. the sets of image information 
are oriented substantially parallel to one another, and wherein step (c) forms 
an extended field of view. 



The invention of Claim 24 wherein at least some of the tracking 
sets do ribt intersect at least some of the image data sets. 

28. \ The invention of Claim 24 wherein step (b) comprises the step 
of cross-correlating said at least a portion of the tracking sets. 

29. THe method of Claim 25 wherein the at least one tracking array 
comprises first aAd second tracking arrays, each positioned adjacent a 
respective end of (he imaging array to acquire tracking sets in respective first 
and second tracking planes, and wherein step (b) determines the component 
of motion in both said first and second tracking planes. 

30. The method of Claim 24 wherein the image data sets comprise 
information selected froA the group consisting of B-mode information, color 
Doppler velocity information, color Doppler energy information, and 
combinations thereof. 
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31 . The method of (Slaim ^comprising the further step of 
determining a second component of motion based on a comparison of at least 
some of the selected image date sets, and wherein step (c) comprises the 
step of using the second component of motion to register said image data 
sets. 

32. The method of ClaimE4 wherein the image data sets are 
acquired using a different frequenc^than that used in acquiring the tracking 
sets. 

33. The method of Claim 24 Wherein step (a) comprises the step of 
using dual beamformers to simultaneously acquire the image data sets and 
the tracking sets. 

34. The method of Claim 33 wherein step (a) comprises the step of 
using respective bandpass filtering in association with the respective 
beamformers. 



^5. The method of Claim 24 wherein step (a) provides the tracking 
sets as scan-converted data. 

36. \ The method of Claim 24 wherein step (a) provides the tracking 
sets as acoustic line data, prior to scan conversion. 

37. The method of Claim 24 wherein step (b) performs the 
comparison usfog every Nth pixel of the tracking sets, where N is an integer 
greater than zero. 

38. The rtaethod of Claim 24 wherein step (b) comprises the step of 
combining a plurality of measures of the component of motion. 

39. The method of Claim 38 wherein the step of combining 
comprises the step of assigning weights to individual measures of the 
component of motion, each wefgh> indicative of quality of the respective 
measure. \ ( A 

40. The method oV Claim 39 wherein the step of assigning weights 
comprises the step of comparing spatially adjacent measures of the 
component of motion. \ 

41 . The method of ClLn 39 wherein the step of assigning weights 
comprises the step of comparing successive measures of the component of 
motion. \ 

42. The method of Claim B9 wherein the step of assigning weights 
uses fuzzy logic. \ 

43. The method of Claim 38\wherein the combining step comprises 
the step of discarding low-quality measures of the component of motion. 
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The method of Claim 24 further comprising the step of: 
(d) indicating to an operator when the component of motion 
determined: in step (b) is outside a preferred range of values. 

45. \The method of Claim 24 further comprising the step of: 

J) alerting an operator when the determining step (b) is not 
operating effectively. 



46. TheWiethod of Claim 25 wherein step (a) comprises the step of 
operating the imaging and tracking arrays in parallel. 

47. The method of Claim 46 wherein step (a) comprises the step of 
operating the imagindand tracking arrays at differing voltage levels. 

48. The method of Claim 24 further comprising the step of: 
(d) interpolating between a plurality of measures of the 

component of motion determined in step (b). 




49. The method of ClairfiJ^/v herein the sets of image information 
are acquired in step (a) usinfa a plurality of separate frequencies. 



50. The method of Claim 24 wherein the sets of image informati 
are acquired in step (a) using \ plurality of different bandwidths. 
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51 . The method of Cla\m 24 wherein the tracking sets comprise sets 
acquired using a plurality of different ultrasonic frequencies. 

52. The method of ClairA24 wherein the tracking sets comprise sets 
acquired using a plurality of different ultrasonic bandwidths. 



53. The method of Claim 2^ 
generating curve-fitted values derive 
component of motion. 



wherein step (b) comprises the step of 
^from a plurality of measures of the 
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54. The method of Claim 24 wherein step (b) comprises the step of 
adaptive^ varying a time interval between time of acquisition of the .tracking 
sets usedVi determining the component of motion to cause the component of 
motion to approach a selected range. 

55. The invention of Claim 24 wherein step (b) comprises the step 
of averaging a plurality of pixels of at least one of the tracking sets prior to 
determining the \omponent of motion. 

56. The method of Claim 24 further comprising the step of 
automatically varying intensity mapping of the tracking sets acquired in step 
(a) to enhance motionydetection. 



57. The invention of Claim 24 further comprising the step of: 

(d) filtering at least said portion of the tracking sets of image 
information prior to the comparison of step (b). 

58. The method of\ciaim 24 wherein step (b) comprises the step of 
repeatedly using a first one of the tracking sets of image information as a 
reference in a plurality of successive ones of the comparison of step (b) until 
the component of motion is det^rmined/W|th respect to said first tracking set 
of image information. 




59. The method of Clairih 24 wherein step (b) comprises the step of 
performing the comparison over ateearch region of the tracking sets of image 
information, wherein the search region is elongated in shape in a direction 
substantially aligned with the component of motion. 

60. The method of Claim 24 wherein step (b) comprises the step of 
performing the comparison over a variable search region of the tracking set. 

61 . The method of Claim 60 viherein step (b) comprises the step of 
positioning the variable search region b^sed on a previously-determined 
component of motion. 
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$2. The method of Claim 60 wherein step (b) comprises the step of 
sizing thfc variable search region based on variability of a plurality of. 
previously\determined components of motion. 

63. \The method of Claim 24 wherein step (b) comprises the step of 
performing a sWies of comparisons of the tracking sets, wherein the 
comparisons differ in resolution in at least one of spatial and signal level 
resolution. 

64. The mtethod of Claim 24 wherein step (b) comprises the step of 
correlating two non-pWallel lines of image information included in two of the 
tracking sets of image\nformation acquired in step (a) to determine vector 
components of the component of motion, said vector components aligned 
with said lines. * 



65. The method 6$ Clai 
(d) forming\dat 
image data sets and tracking\se 
steps (b) and (c). 




jrther comprising the step of 
messed versions of at least some of the 
Acquired in step (a) prior to at least one of 



66. The method of Cla\m 65 further comprising the step of 
(e) applying data decompression to the data-compressed 

versions of step (d) prior to at \eak one of steps (b) and (c). 

67. The method of Claim 25 further comprising the step of (d) using 
the registered image data sets to forrn a 2D image in a plane obliquely 
oriented with respect to the image pla\ie. 

68. The method of Claim 24 wherein step (b) comprises the step of 
utilizing in the comparison only the tracking sets that correspond to selected 
portions of a cycle selected from the grou\ consisting of an ECG cycle and a 
breathing cycle. 
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The method of Claim 24 wherein the information of the tracking 
sets useo: in the comparison of step (b) is selected from the group consisting 
of envelope-detected data prior to scan conversion, RF beamformer signals 
prior to envelope detection, and baseband beamformer signals prior to 
envelope detection. 

70. The method of Claim 24 wherein the image data sets are 
acquired using ^different frequency than that used in acquiring the tracking 
sets. 

71 . The rrbthod of Claim 24 wherein the image data sets are 
acquired using a different bandwidth than that used in acquiring the tracking 
sets. 

72. The method of Claim 24 wherein the image data sets are 
acquired using a different azimuth^ focus than that used in acquiring the 
tracking sets. 
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73. The method cV Claim 24 wherein step (a) further comprises the 
step of using a different logarithmic compression of signal level for the image 
data sets than for the trackinb sets. 



74. The method of C\aim 26 wherein the at least one transducer 
array comprises a first transducer array and at least one additional 
transducer array, wherein the i rLge data sets are acquired using the first 
transducer array, and wherein thfe tracking sets are acquired using the at 
least one additional transducer alray. 



75. The method of Claim\74 wherein the first and at least one 
additional transducer arrays are collinear and axially spaced from one 
another. \ 
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7)5. The method of Claim 74 wherein the first and at least one 
additionaNtransducer arrays are positioned alongside of and laterally spaced 
from one another. 

77. \The method of Claim 24 wherein step (a) further comprises the 
step of automatically varying intensity mapping of the tracking sets to 
enhance motion\tetection. 
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78. The method of Claim 24 wherein the image data sets and the 
tracking sets are acquired using different transducer arrays. 

79. The method of Claim 78 wherein the acquiring step comprises 
the step of multiplexing Signals to the different transducer arrays via a 
common set of signal conductors. 

80. The method oftClaim 24'wfierein the image data and tracking 
sets each comprise a plurality of sfcarylfnes^and wherein sets of one or more 
scan lines of the image data stets are interleaved in time with sets of one or 
more scan lines of the tracking sets. 



81 . The method of Clairln 24 wherein step (a) comprises the step of 
forming multiple simultaneous transmit beams with the at least one 
transducer array. 
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82. The method of Claim 24Wherein step (a) comprises the step of 
forming multiple simultaneous receive Breams with the at least one transducer 
array. 



83. The method of Claim 24 wheVein step (a) comprises the step of 
coherently forming at least the tracking sets 
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84. The method of Claim 24 further Comprising the step of (d) 
indicating to an operator when tissue contact is\lost for a transducer array 
included in the at least one transducer array. 
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The method of Claim 24 wherein the selected ones of the image 
data setscomprise consecutively acquired image frames. 

86. \The method of Claim 24 wherein the selected ones of the image 
data sets comprise non-consecutively acquired image frames separated in 
time by at least\one intervening image frame. 

87. The Wthod of Claim 24 wherein step (c) comprises the step of 
smoothly interpolating between the image data sets at a boundary between 
the selected image data sets. 

88. A method^for forming an extended field of view of a target, said 
method comprising the following steps: 

(a) acquiring a plurality of sets of image information with an 
ultrasonic transducer array \said array moved substantially in an image plane 
between sets of image information; 

(b) automatically d^ternr^ii ng rot ational and translational 
components of motion in the imfege plane based on a plurality of comparisons 
of a single block of image information from a first one of said sets with a 
second one of said sets; and 

(c) automatically Jteing the components of motion 
determined in step (b) to register safd first and second sets to form an 
extended field of view. 

89. An ultrasonic transducer comprising: 
a support element; 

a first transducer array coupled to move with the support 
element and comprising a plurality of first Vansducer elements arranged 
along an azimuthal axis, said first transducer array comprising first and 
second ends spaced along the azimuthal ax\s and a first central image plane; 

a pair of second single-elementWansducer elements positioned 
on respective sides near the first end of the firfet transducer array; 
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a pair of third single-element transducer elements positioned on 
respective sftdes near the second end of the first transducer array. ... 

90. The invention of Claim 89 wherein at least some of the second 
and third single-sJement transducer elements comprise respective elongated 

5 elements orientedto extend substantially parallel to the azimuthal axis. 

91 . The indention of Claim 89 wherein at least some of the second 
and third single-element transducer elements comprise respective circular 
elements. 

92. The invention of Claim 91 wherein at least some of the second 
10 and third single-element transducer elements are pointed in separate 

directions. 

93. The invention ofyClaim 89 wherein at least some of the second 
and third single-element transducer elements are focused at a selected 
range. 



1 5 94. The invention of Claim 89 wherein at least one of the second 




and third single-element transduce^ elements is superimposed on the first 
transducer array. 

95. An ultrasonic transduce\comprising: 
a support element; 

20 a first transducer array coupled to move with the support 

element and comprising a plurality of first transducer elements arranged 
along an azimuthal axis, said first transducer array comprising first and 
second ends spaced along the azimuthal gxis and a first central image plane; 

a second transducer array couipled to move with the support 

25 element and comprising a plurality of second annular transducer elements 

positioned near the first end of the first transducer array; 

a third transducer array coupled vo move with the support 
element and comprising a plurality of third, annUJar transducer elements 
positioned near the second end of the first transducer array. 
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The invention of Claim 95 further comprising: 
a fourth transducer array coupled to move with the support 
element afod comprising a plurality of fourth, annular transducer elements 
positioned i^ear the first end of the first transducer array; and 

ya fifth transducer array coupled to move with the support 
element and comprising a plurality of fifth, annular transducer elements 
positioned neayhe second end of the second transducer array. 

97. Thd invention of Claim 95 wherein at least one of the second 
and third transducer arrays is superimposed on the first transducer array. 

98. The indention of Claim 96 wherein the second and fourth 
transducer arrays are\pointed in separate directions and wherein the third 
and fifth transducer arrays are pointed in separate directions. 

99. A method fW creating an ultrasonic scan comprising the 
following steps: 

(a) providing an ultrast5r>\c transducer comprising an imaging 
transducer array and a tracking trajfsduder array, said tracking transducer 
array comprising a plurality ofttransb«ceKeJeiri£nts; 

(b) applying a\respective transmit signal to each of the 
transducer elements, each transmit signal comprising a plurality of cycles 
characterized by a frequency; and 

(c) varying the frequency to selectively control an associated 
ultrasonic scan direction. 

1 00. The method of Claim 9,9 further comprising the step of (d) using 
tracking data from the tracking transducer array to align image data from the 
imaging transducer array in three dimensions. 

1 01 . The invention of Claim 99Wherein step (b) comprises the step 
of generating the transmit signals by progressively delaying an input signal 
such that each of the transmit signals is delayed by a time period equal to 
AT»n with respect to the input signal, wherdn is a non-negative integer. 
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102. The invention of Claim 99 wherein step (b) comprises the step 
of directlV generating the transmit signals. 

103. \ The invention of Claim 99 wherein each transmit signal 
comprises a\espective tone burst. 

1 04. Tine invention of Claim 1 02 wherein each tone burst is 5 to 1 0 
cycles in length^ 

105. A method for detecting an erroneous motion estimate 
comprising the following steps: 

(a) providing an ultrasonic transducer comprising an imaging 
transducer array and k least three tracking transducer arrays, each tracking 
transducer array comprising at least one transducer element; 

(b) collecting tracking data from each of the tracking 
transducer arrays; 

(c) developing at least thr^e motion estimates from the 
tracking data, each motion estimate as/socijated with a respective tracking 
transducer array; and \ ^-^ x 

(d) detecting art unreliable one of the motion estimates 
based on a comparison of the motion estimates. 

106. A method for registering ultrasonic image information 
acquired from a target, said method\comprising the following steps: 

(a) acquiring a plurality of sets of image information 
with at least one ultrasonic transducerWray, said at least one array 
moved between at least some of the sets of image information, said 
plurality of sets comprising a plurality of Image data sets and a plurality 
of tracking sets; 

(b) automatically determining a component of motion 
based on a comparison of at least a portion^pf the tracking sets 
acquired in step (a); and 

(c) automatically using the component of motion 
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determined in step (b) to register selected ones of the image data sets 
acquired in step (a); 

\ wherein step (a) comprises the step of transmitting 
ultrasonic energy concentrated near a fundamental frequency into a 
target; arad 

\ wherein at least one of the image data sets and the 
tracking data sets comprises a selectively received harmonic 
component cyeceived ultrasonic echo information, said harmonic 
component concentrated near a harmonic of the fundamental 
frequency. \ 

1 07. The Wthod of Claim 1 06 wherein the image data sets 
comprise the selectively received harmonic component. 

1 08. The method of claim 1 06 wherein the tracking data sets 
comprise the selective^ received harmonic component. 

1 09. The methoW of ClairaM 03 wherein the image data sets 
and the tracking data sets both (fonynW-the selectively received 
harmonic component. \ 

1 1 0. The method of claim 1 07 wherein the tracking data sets 
comprise a second selectively, received harmonic component of 
received ultrasonic echo information. 

111. The method of Clarbri 1 1 0 wherein the first-mentioned 
and second selectively received Harmonic components differ in 
bandwidth. \ 

112. The method of Claim 106 wherein steps (a)-(c) are 
performed during a medical ultrasound examination session, and 
wherein the method comprises the further step of (d) maintaining the 
target free of additional non-linear contrast agent throughout the entire 
medical ultrasound examination sessionA 
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1Y 3. A method for forming an extended field of view of a 
target, safd method comprising the following steps: 

(a) acquiring a plurality of sets of image information 
with-an ultrasonic transducer array, said array moved substantially in 
an image plane between sets of image information; 

(b\ automatically determining components of motion in 
the image plane based on a plurality of comparisons of a single block 
of image information from a first one of said sets with a second one of 
said sets; and 

(c) Automatically using the components of motion 
determined in step (b)^o register said first and second sets to form an 
extended field of view; 

wherein stefe (a) comprises the step of transmitting 
ultrasonic energy concentrated peaj(a fundamental frequency into a 
target; \ 

wherein at leastysome of the sets of image information 
comprise a selectively receives harmonic component of received 
ultrasonic echo information, saia harmonic component concentrated 
near a harmonic of the fundamental frequency. 

1 1 4. The method of ClaimVl 1 3 wherein steps (a)-(c) are 
performed during a medical ultrasound examination session, and 
wherein the method comprises the further step of (d) maintaining the 
target free of additional non-linear contrast agent throughout the entire 
medical ultrasound examination sessior 
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1 1 5. The method of Claim 1 1 3 wherein the components of 
motion comprise rotational and translations! components of motions. 



